The stratified squamous epithelium of the human epidermis forms a continuous barrier against the external environment. The pathophysiology of blistering diseases illustrates how impairments in epithelial adhesion lead to disorders characterized by substantial morbidity and/or mortality. Blistering diseases can be inherited or acquired; most examples of the latter are autoimmune in nature and are characterized by autoantibodies that target adhesion junctions promoting either cell-cell or cell-matrix adhesion in skin. Patients with pemphigus, a family of intraepidermal autoimmune blistering diseases, have autoantibodies that target cadherins (specifically, desmogleins) in desmosomes, adhesion junctions that anchor the intermediate filament cytoskeleton to keratinocyte plasma membranes at cell-cell borders (1) . Patients with bullous pemphigoid (BP) and other autoimmune subepidermal blistering diseases have autoantibodies that target autoantigens in epidermal basement membrane (BM) (2, 3) . The major ultrastructural subregions of epidermal BM include the intermediate filament cytoskeleton, hemidesmosomes, and plasma membranes of basal keratinocytes; the transmembrane elements of hemidesmosomes and associated anchoring filament complexes within the lamina lucida; the lamina densa (i.e., BM proper); and the underlying sublamina densa region, containing anchoring fibrils and fibrillar proteins of the papillary dermis ( Figure 1 ) (4). Translational research over the past 25 years has demonstrated that patients with pemphigus, BP, and other autoimmune blistering diseases have autoantibodies that target specific antigens in skin; that such autoantigens often represent components of adhesion junctions; and that mutations in genes encoding such proteins are responsible for inherited diseases characterized by skin fragility, blister formation, and/or ectodermal dysplasia (Table 1) .
Subepidermal immunobullous diseases
In this issue of the JCI, 2 articles describe how passive transfer of experimental IgG directed against murine homologs of 2 human epidermal BM collagens, BP180 (also known as BP antigen 2 [BPAG2] or type XVII collagen) and type VII collagen, was used to develop animal models of BP (5) and epidermolysis bullosa acquisita (EBA) (6), respectively.
Bullous pemphigoid
BP is a chronic subepidermal blistering disease typically seen in the elderly (2, 3) . Though BP is a polymorphic skin disease, lesions usually consist of tense blisters situated on either inflamed or noninflamed skin; pruritus may be severe or nonexistent. Biopsies of lesional skin show subepidermal blisters that are either granulocyterich or granulocyte-poor, depending on whether the biopsies were obtained from inflamed or noninflamed skin. Direct immunofluorescence microscopy of perilesional skin shows linear deposits of IgG and/ or complement component C3 in epidermal BM. Patients with BP have circulating IgG autoantibodies against 2 hemidesmosome proteins, BP230 (also known as BPAG1) and BP180. BP230 is a plakin protein family member that promotes the association of hemidesmosomes with keratin intermediate filaments. BP180 is a type II, transmembrane collagen that is associated with hemidesmosome-anchoring filament complexes and is thought to harbor the pathogenic epitope responsible for the initiation of BP (7). The extracellular domain of this protein contains 15 interrupted collagenous domains. Rotary shadowing studies of purified BP180 image its intracytoplasmic region as a globular head and its ectodomain as a central rod joined to a flexible tail (7) . Immunoelectron microscopy studies indicate that BP180 spans the lamina lucida and inserts into the lamina densa (8, 9) . BP180 is targeted by autoantibodies from patients with BP, pemphigoid gestationis, cicatricial pemphigoid, and linear IgA dermatosis (2, 3).
Epitope mapping studies of recombinant proteins have previously shown that autoantibodies from most patients with BP bind a determinant within the sixteenth noncollagenous domain of BP180 (i.e., the portion of its ectodomain that is positioned adjacent to plasma membranes of basal keratinocytes) (10) . Passive transfer of experimental IgG developed against the murine homolog of this determinant to neonatal BALB/c mice produces clinical, histologic, and immunopathologic alterations like those seen in patients with BP (11). Antibody-induced blister formation in this animal model is dependent upon the activation of complement, degranulation of dermal mast cells, and generation of neutrophil-rich infiltrates (11) (12) (13) (14) (15) (16) . The finding that MMP-9-deficient mice are resistant to anti-BP180 IgG (14) has been explained by the observation that neutrophil-derived MMP-9 inactivates α1-proteinase inhibitor, which allows unrestrained activity of neutrophil elastase that degrades BP180 and produces subepidermal blisters in this experimental model (Figure 2 ) (16) . In this issue of the JCI, Liu and colleagues show that MMP-9 activation in this murine model of BP is plasmin dependent and that plasmin activates MMP-9 independent of MMP-3 (5). While antibody-induced blister formation was restrained by plasmin inhibition with α2-antiplasmin for 12 hours following the administration of pathogenic IgG, studies in mice genetically engineered to lack plasminogen or both tissue and urokinase plasminogen activators found that plasmin-independent pathways activated MMP-9 and yielded subepidermal blisters within 24 hours. Whether MMP-9 inhibition can be used to restrain proinflammatory mechanisms in BP before Figure 1 Schematic model of the epidermal BM. The major subregions of epidermal BM are depicted in the context of autoimmune and genetic blistering diseases that develop as a consequence of acquired or inherited impairments in proteins within this cell-matrix adhesion junction. AECP, antiepiligrin cicatricial pemphigoid; CP, cicatricial pemphigoid; EB, epidermolysis bullosa; IB, immunobullous; LAD, linear IgA dermatosis; OCP, ocular cicatricial pemphigoid. GABEB, generalized atrophic benign epidermolysis bullosa; PA, pyloric atresia.
complementary mechanisms supervene remains to be determined.
Epidermolysis bullosa acquisita
Once considered to represent a diagnosis of exclusion or a group of heterogeneous blistering disorders, EBA is now recognized as a polymorphic, yet distinct, subepidermal blistering disease (3). Patients with the dermolytic, or noninflammatory, variant of EBA have trauma-induced blisters and erosions on noninflamed skin, atrophic scars, milia, nail dystrophy, and/or oral erosions. Other patients have widespread inflammatory blisters that mimic those seen in patients with BP. Some patients transition from the inflammatory to the dermolytic form of the disease. EBA is typically chronic and resistant to treatment; many patients also have underlying inflammatory bowel disease. EBA was shown to represent an autoimmune disease by the demonstration that such patients possess in situ and circulating autoantibodies against the sublamina densa region of the epidermal BM (Figure 1) (3) . Autoantibodies from EBA patients were used to identify a specific autoantigen in dermal extracts that was initially termed the EBA antigen (17) . Subsequent studies showed that this autoantigen was in fact type VII collagen (18) . Type VII collagen is unique to stratified squamous epithelium; it consists of 3 identical α chains, each with a molecular weight of 290 kDa. The amino terminus of type VII collagen contains a large globular noncollagenous domain termed NC1; a small noncollagenous domain termed NC2 lies at its carboxyl terminus. Anchoring fibrils are formed as a consequence of antiparallel alignment of individual type VII collagen molecules that subsequently unite via disulfide bonds within their NC2 tails. Once a tail-to-tail dimer is formed, the NC2 domain is proteolytically cleaved, leaving a long, thread-like macromolecule characterized by a central rod with large, globular NC1 domains at each end. Type VII collagen dimers then aggregate laterally to form anchoring fibrils (Figure 1 ), which create a network of looping bands along the inferior aspect of the lamina densa that serve as a tether for dermal fibrillar proteins (19) .
In this issue of the JCI, Sitaru and colleagues passively transferred rabbit IgG developed against murine type VII collagen NC1 recombinant peptides into adult nude, BALB/c, and C57BL/6 mice, thereby creating subepidermal blisters that clinically, histologically, and immunopathologically resemble those seen in patients with EBA (6). Lesion formation in this animal model was complement dependent; interestingly, only those neonatal mice that received concordant intradermal injections of neutrophils, complement component C5a, and IL-8 developed lesions. The demonstration that anti-type VII collagen IgG is pathogenic (i.e., capable of inducing subepidermal blisters) in vivo represents a noteworthy advance in our understanding of this disease. Specific questions raised by this study include the following: (a) why were such large doses of high titer IgG required for induction of blisters in this animal model (whereas most EBA patients have low titers of circulating anti-BM IgG)? (b) what accounted for the relative resistance of neonatal mice to antitype VII collagen IgG (most passive transfer animal models utilize newborn mice due to their increased susceptibility to blister formation)? (c) what was the phenotype of the animals that harbored anti-type VII collagen IgG in the epidermal BM for prolonged periods (i.e., did such mice display a dermolytic, EBA phenotype)? (d) how did local factors (e.g., pressure, trauma, and thermal influences) contribute to lesion formation? and (e) what accounted for weight loss in mice that received pathogenic IgG, given their absence of clinical or histologic alterations in oral, esophageal, or colonic epithelia?
Future directions: autoantibodies as targets for disease intervention
In this issue of the JCI, Payne and colleagues utilized phage display technologies to isolate pathogenic (i.e., blister-inducing) and nonpathogenic human anti-desmoglein monoclonal antibodies as single-chain variable region fragments from a patient with 
Figure 2
Schematic overview of the plasminogen/plasmin activation cascade in experimental murine BP. Anti-BP180 IgG binds epidermal BM, activates complement, and generates neutrophil-rich infiltrates in skin. Subsequently, plasmin activates MMP-9, which in turn inactivates α1-proteinase inhibitor (α1-PI), thus allowing unrestrained activity of neutrophil elastase that degrades BP180 and produces subepidermal blisters. tPA, tissue plasminogen activator; uPA, urokinase plasminogen activator.
active mucocutaneous pemphigus vulgaris (20) . Inhibition ELISAs showed that epitopes defined by these monoclonal antibodies are blocked by autoantibodies from multiple patients with pemphigus. Moreover, genetic analysis of these antibodies revealed restricted patterns of heavy-and light-chain gene utilization. Taken together, these findings suggest several novel approaches to abrogating disease (e.g., targeting B cells that express certain V H gene segments, generating peptides that may block pathogenic antibodies reactive with shared and dominant epitopes, or using blocking anti-idiotypic antibodies). These approaches, coupled with better understanding of the contributions of molecular mimicry as well as mechanisms of central and peripheral tolerance to disease pathogenesis, will facilitate the development of effective interventions that counteract the chronic morbidity (i.e., pruritus, blistering, infection, scarring, and treatment-related immunosuppression) and, at times, mortality of immunobullous diseases.
